The role of the mammalian cerebellum ranges from motor coordination, sensory-motor integration, motor learning, and timing to nonmotor functions such as cognition. In terms of motor function, the development of the cerebellum is of particular interest because animal studies show that the development of the cerebellar cortical circuitry closely parallels motor coordination. Ultrastructural analysis of the morphological development of the cerebellar circuitry, coupled with the temporal and spatial identification of the neurochemical substrates expressed during development, will help to elucidate their roles in the establishment of the cerebellar circuitry and hence motor activity. Furthermore, the convenience of a number of naturally occurring mouse mutations has allowed a functional dissection of the various cellular elements that make up the cerebellar circuitry. This understanding will also help in the approach to possible therapies of pathologies arising during development because tile cerebellum is especially prone to such perturbation because of its late development.
INTRODUCTION
The role of the cerebellum is thought to be that of a coordinating center, using sensory inputs from the periphery to fine-tune movement and postural control (Doyon et al., 2002) . Apart from motor coordination, the cerebellum is also thought to be involved in motor learning and higher cognitive function (Allen et al., 1997; Bloedel & Bracha, 1997) . The cerebellum, in relation to other brain structures, enjoys a protracted developmental profile, providing a convenient vantage point to view ongoing developmental processes.
Animal studies have shown that the development of the cerebellar cortical circuitry closely parallels motor development. Indeed, in terms of the rat, from the second postnatal week onward, the principal cell-type in the cerebellar cortex, the Purkinje neuron, embarks on an extensive process of synaptogenesis with its afferents and interneurons, including multiple climbing fibers synapsing on its cell body and parallel fibers synapsing on distal dendritic spines (Altman & Bayer, 1997) .
About this time, about postnatal days (PD) 8-9, the rat is able to stand on all fours and is Capable of inelegant, uncoordinated movements (Geisler et al., 1996) . At the beginning of the third postnatal week (acutely between PD 15-16), the rat is able to stand on its hindlegs and move in a coordinated fashio.n (Westerga et al., 1999) . This period corresponds to the formation of the monoinnervation between climbing fibers and Purkinje cell dendritic spines. Because of its protracted (C) (Dobbing & Sands, 1973) . In rodents, the cerebellar cortex almost totally develops during the first 3 postnatal weeks (Altman & Bayer, 1997) .
The cells in the cerebellum arise from two different germinal matrices, namely the ventricular epithelium and the rhombic lip (see Goldowitz & Hamre, 1998 (Morara et al., 2001) . From the end of the first postnatal week, climbing fibers undergo a complex process of regression of multiple innervations (Crepel et al., 1981) and translocation to the developing Purkinje cell dendrites ensues (Scelfo et al., 2003 (Ichise et al., 2000) .
Because of the long developmental profile, the cerebellum is particularly vulnerable to developmental and environmental insults. As the cerebellum is not crucial for life, cerebellar mutants survive into adulthood, making them excellent models to study the contributions of the various elements of the circuitry to overall cerebellar function. Currently, more than 50 naturally occurring mutants have been detailed (see Sotelo, 1990) .
Only a few of the most extensively studied mutants will be discussed here.
Purkinje cell degeneration mutant
The Purkinje cell degeneration (pcd) mutant is characterized by an almost complete loss of Purkinje cells between PD15 and PD45 (Mullen et al., 1976 (Landis and Mullen, 1978) .
Remarkably, the mild motor impairment in pcd mutants belies the gross histological malformation (Mullen et al., 1976 ). An increase in parvalbumin expression, a calcium binding protein, and the reorganization of intranuclear inhibition in the vestibular nucleus and in the deep cerebellar nuclei apparently compensate to ameliorate the effects of the lack of tonic inhibition normally provided by the GABAergic Purkinje cells (Mullen et al., 1976 (Fletcher et al., 1996) results in Purkinje cell, granule cell, and Golgi cell degeneration (Herrup & Wilczynski, 1982) . Granule cell degeneration occurs earliest, at about 3 weeks of age. Between 4 to 6 weeks of age, up to 50% of Purkinje cells die, reaching a peak of 80% at about 6 months, and the inhibitory interneurons, the Golgi cells, lose up to 50% of their total number. Not surprisingly, this mutant exhibits severe motor abnormalities, including marked ataxia, slowed motor activity, rigid hypertonia of trunk and limb muscles, but no tremor. In the adult tg(la) mouse, the predominant motor symptom is an extreme immobility, due to a rigid hypertonia and a swaying sideways that forces them to 'lean' against the cage walls to avoid toppling over. The pathology of extracerebellar targets is thought to add to the severe behavioral phenotype exhibited by tg(la).
The most cogent message emanating from the study of the behavioral phenotypes of various cerebellar mutants is that it appears to be more advantageous to remove the morphologically and functionally impaired cerebellar circuitry completely in order to improve motor abilities. Nevertheless, the transferability of the results from animal to man remains to be proven. (Kano et al., 1995) and plays a dynamic role in Purkinje cell development as well (Metzger & Kapfhammer, 2000) . Additional (Fukudome et al., 2003) , to improve cerebellar dysfunction in the leaner mutant (Nahm et al., 2003) , and to convey a neuroprotective effect in the injured olivocerebellar pathway (Fernandez et al., 1999) .
Insulin-like growth factor also had an additive effect with GDNF in staving off the degeneration in shaker mutants. The neuroplastic ability of IGF is further emphasized by its ability to cause transected olivary axons to re-innervate their appropriate targets, even in adulthood (Sherrard & Bower, 2003) . As with GDNF, however, IGF must be continuously applied to be effective.
Corticotropin releasing factor (CRF) . One of the peptides growing in stature as modulators of neuronal development is corticotrophin-releasing factor (CRF) (Vale et al., 1981 (Koob & Heinrichs, 1999) . There are, however, extra-hypothalamic sources of CRF, the most prominent being the collection of brainstem nuclei collectively termed the pre-cerebellar nuclei. The pre-cerebellar nuclei express CRF in the axons that form the major afferent systems to the cerebellum, namely the mossy fibers and climbing fibers (Palkovitz et al., 1987) . The recently discovered urocortin (Vaughan et al., 1995) , which has a more restricted expression profile, is believed to be crucial in sensorimotor integration (Bittencourt et al., 1999) .
Both CRF and urocortin couple to two G-protein receptors, namely CRF-R1 and CRF-R2. In vivo, at adult age, the activation of CRF-R1 has been shown to induce locomotor activity (Contarino et al., 2000) , whereas the activation of CRF-R2 has an inhibitory effect (Valdez et al., 2002) .
Crucially, in vitro, CRF is necessary for the induction of long-term depression (LTD) (Miyata et al., 1999) , a type of synaptic plasticity and viewed as the cellular basis of motor learning (Ito, 1984) . This finding alludes to a direct role for CRF-like peptides in motor coordination and motor learning in adulthood. However, the onset of expression of CRF (Bishop & King, 1999) , urocortin, and their receptors (Chang et al., 1993) occurs embryonically, prior to any synapse being formed, suggesting an initial role for CRF-like peptides in the development of the cerebellar circuitry. During the first 3 postnatal weeks, cerebellar neurons undergo considerable structural changes. This period coincides with the maturation of the "CRF system". Bishop (2002) showed that CRF has a direct excitatory action on Purkinje cells from PD 9 onwards. This effect was most pronounced in lobules IX and X, namely, the region termed the vestibulo-cerebellum, which is mainly concerned with the control of posture and balance. Using cerebellar slice cultures of rats"from PD 8, we showed that both CRF and urocol:tin have a potent effect on Purkinje cell dendritic differentiation (Swinny et al., 2004 
